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Maintenance of genetic integrity is of foremost importance to the cell. Thus, cells are well equipped with a number of repair mechanisms for different types of DNA damage. All DNA polymerases are very sensitive to pyrimidine dimers, a major DNA lesion of UV irradiation. Inhibition of DNA replication by dimers, if not recovered, causes cell death. Escherichia coli cells have at least five different ways to deal with dimers (1) . Dimers can be directly reversed by a reaction (photoreactivation) catalyzed by photolyase or can be removed by UvrABCcatalyzed excision repair. The remaining dimers can be tolerated by the replication machinery in different mechanisms. A modified DNA polymerase is able to replicate past noninstructive dimers by a mechanism termed translesion replication (1) . Major mechanisms of dimer tolerance, however, involve two recombinational repair activities. The first of the two is RecF-dependent postreplication gap repair. It was demonstrated that DNA replication stalls at a dimer but can restart downstream of the dimer (2, 3). Thus, newly synthesized DNA after UV irradiation contains single-strand (ss) gaps opposite dimers (2) . These gaps are subsequently filled by a mechanism involving homologous recombination (4) . The second recombinational repair activity is RecBCD-dependent double-strand break (DSB) repair. It is known that a significant fraction of UV-induced lesions is converted to DSBs (5), which can be repaired by a mechanism that requires homologous recombination functions (6) . A crucial aspect of recombinational repair is the extent to which the repair process involves DNA replication. Recently, RecBCD-dependent DSB repair was shown to require extensive semiconservative DNA replication that initiates at a D-loop, a recombination intermediate (6) . Now, the paper by Courcelle et al. (7) in this issue of the Proceedings suggests that RecF protein, previously identified as a recombination protein, may assist replisome reassembly after UV irradiation. The proposal opens the door to the possibility that RecF-dependent postreplication gap repair also might involve extensive DNA replication.
The two mechanisms of recombinational repair are illustrated in Fig. 1 . The double-strand (ds) DNA ends generated as a result of DSB that is induced near a dimer are recognized by the RecBCD enzyme ( Fig. 1a) (6) . This enzyme is a powerful nuclease that efficiently degrades dsDNA. Under conditions of SOS induction, however, the degrading nuclease activity is inhibited. The helicase activity of RecBCD, on the other hand, is not inhibited under these conditions and is expected to unwind the duplex to yield ssDNA tails (Fig. 1b) . RecA protein assimilates the 3Ј-OH ssDNA tail of one end, forming a D-loop (Fig. 1c) . PriA protein then recognizes the D-loop and binds to it. This triggers a series of reactions leading to loading of DnaB helicase and DnaG primase onto the structure. This process, known as priming, is essential for establishing a replication fork that requires assembly of a dimeric replisome (Fig. 1d) . At the replication fork, DnaB helicase unwinds the duplex ahead of a replisome (DNA polymerase III holoenzyme) and DnaG primase synthesizes RNA primers for lagging-strand DNA synthesis. The junction created as a result of D-loop formation must be resolved by the junction-specific nuclease, RuvC, with aid of the RuvAB and RecG branch-migration helicases (Fig. 1e) . While the replication fork thus established replicates in one direction, the ssDNA tail of the other end invades one of the two duplexes that are just produced. The D-loop formation subsequently leads to establishment of a second replication fork that replicates in the opposite direction (Fig. 1f ) . Repeating the process would help generate one intact dimer-free chromosome.
Another way to generate dimer-free chromosome is postreplication gap repair (Fig. 1b) (8, 9) . When a replisome encounters a dimer, replication is arrested (Fig. 1h) . However, replication can resume downstream of the site, leaving a gap opposite the dimer (Fig. 1j) . RecA protein then polymerizes on ssDNA at the gap and promotes homologous pairing and strand exchange with the intact strand of the daughter duplex, forming a D-loop (Fig. 1k) . Extended strand exchange allows the 3Ј-OH end of the newly synthesized DNA strand to invade the structure, creating a Holliday junction (Fig. 1l) . The gap now can be successfully filled in by DNA synthesis (Fig. 1m) , and subsequent junction resolution and ligation would complete gap filling (Fig. 1n) .
RecF protein forms a complex (RecFOR) with RecR and RecO, which is involved in homologous recombination in the RecF pathway activated in recBC sbcBC mutants (ref. 10 and references therein). recF, recO, and recR mutants are hypersensitive to UV radiation. The notion that these gene products are involved in repair of UV damage in a manner other than a recombinational capacity was inferred from the fact that in otherwise wild-type genetic backgrounds, despite their UV hypersensitivity, these mutants are as proficient in homologous recombination as recF ϩ , recO ϩ , and recR ϩ cells. The effect of recF mutations on repair of UV damage appears to be 2-fold. One effect is a delay in the restart of DNA replication after UV irradiation (7, 11) ; the other is inhibition of gap filling (11). Courcelle et al. (7) suggest that when DNA replication is arrested at a dimer, the replisome disintegrates (Fig. 1h) . A RecFOR complex recognizes the replication fork structure and protects it from nuclease degradation (Fig. 1i) . The authors further propose that RecFOR helps reassembly of a replisome, which reestablishes a replication fork at the site. For subsequent replication to occur, of course, the dimer must be removed by excision repair.
I would suggest that RecFOR might be involved in assembly of a replisome at the D-loop for initiation of semiconservative DNA replication, just as such replication is thought to be initiated at a D-loop in the DSB repair process (Fig. 1d) . It is known that postreplication recombinational gap repair requires DnaB helicase (12) , DnaG primase (13) , and DNA polymerase III (14) , all of which are essential components of a replication fork. Furthermore, priA null mutants, which are defective in priming at a D-loop for semiconservative DNA replication (15) , are hypersensitive to UV radiation (6, 16) . These observations are consistent with such a proposal.
Two replication forks established at the time of initiation at oriC carry out bidirectional replication and are presumed to each replicate about 2.4 mega base pairs of the chromosome, demonstrating an extraordinary degree of processivity. There are some indications, however, that a replication fork stalls at some frequency and disintegrates during a normal course of replication (17) . Courcelle et al. (7) report results that suggest that RecFOR may catalyze reassembly of a replisome, should it disintegrate. Previously, Marians and coworkers (18) suggested that PriA-mediated priming is needed to reestablish a replication fork at a site of fork collapse during chromosome replication. Thus, RecFOR and PriA-mediated priming appear to have overlapping functions in reassembly of a replisome. This notion is strongly supported by the observation that a combination of recF and priA null mutations is lethal (10) . Further, the recF priA lethality can be suppressed by a mutation in the dnaC gene, which was shown to rectify the defect of the priA null mutant in priming at D-loop (10) . The role of RecF and PriA proteins in reassembly of a replisome during chromosome replication is in line with the above proposal that postreplication recombinational gap repair might involve extensive semiconservative DNA replication.
Homologous recombination in the RecBCD pathway was recently demonstrated to require extensive DNA replication (19) . The studies by Courcelle et al. (7) raise the possibility that homologous recombination in the RecF pathway also involves extensive DNA replication. It should be noted that the priA null mutation severely inhibits homologous recombination in recBC sbcBC cells, suggesting an involvement of PriAmediated priming in the process (6). It is not unlikely that involvement of extensive DNA replication in homologous recombination and repair of DNA damage is a strategy commonly used in many organisms.
